Abstract
Introduction
induced endothelial cell injury [11] . Furthermore, NO 2 derived ONOO plays a crucial role in human umbilical Endothelial cell injury mediated by polymorphonuclear vein endothelial cell injury induced by PMN upon lipoxin leukocytes (PMN) is important in a variety of A4 activation [12] . However, a more recent study found 2 pathophysiological conditions such as inflammation and that ONOO exhibits a protective effect against ischemiareperfusion injury. However, the mechanisms involved reperfusion injury through inhibition of leukocyte-endoremain unclear. Since PMN can produce nitric oxide (NO) thelial cell interactions [13] ; it is also well known that NO ?2
as well as superoxide (O ) [1] [2] [3] and endothelial cells [4] itself can inhibit the adhesion of PMN to endothelial cells 2 continuously release NO, the reaction product of NO and [14] . O , peroxynitrite (ONOO ), is generally believed to play In order to clarify the role of ONOO in conditions 2 2 ?2 a significant role. ONOO is a very potent oxidant [5, 6] ; it where three mutually reactive molecules, O , NO and 2 2 is able to oxidize protein and nonprotein sulfhydryl groups ONOO , coexist, it is necessary to use specific inhibitors [7] , to mediate nitration of tyrosine residues [8, 9] , and to or scavengers for each molecule. However, scavengers of 2 induce lipid peroxidation [10] . A recent study indicated ONOO such as uric acid and deferoxamine react with 2 that the ONOO initiated pathway is potentially more hydroxyl radical as well [15, 16] . Furthermore, superoxide cytotoxic than the hydroxyl radical pathway in radicaldismutase (SOD) or NO synthase (NOS) inhibitors may 2 decrease the formation of ONOO concomitantly with the to obtain basal release and this value was subtracted from the measured release. When inhibitors were used, they were added to the PMN suspension or to the incubation 2. Methods medium of BAEC prior to the addition of PMN to each well.
Preparation of endothelial cells

Measurements
Bovine aortic endothelial cells (BAEC) were isolated and cultured as described elsewhere [18] . Briefly, thoracic 2.4.1. Measurement of nitrotyrosine 2 aorta, freshly obtained from a slaughterhouse, was washed ONOO nitrates cellular constituents, particularly by irrigating it with sterile lactate-buffered saline and tyrosine residues of protein or tyrosine of nonprotein origin incubated with 0.04% collagenase in Dulbecco's phos- [21] . We measured nitrotyrosine formation as an indicator 2 phate-buffered saline (pH 7.4) containing 0.2% glucose of ONOO mediated changes in cellular constituents of and 16.7 mM NaHCO at 378C for 25 min. The digest was 3 BAEC, using an HPLC method [22] . Briefly, BAEC centrifuged at 120 g for 10 min. The pellets were washed cocultured with activated PMN for 2 h in buffered saline 31 once with cold Medium 199 and suspended in Medium with 1 mM Fe / EDTA were hydrolyzed as previously 199 supplemented with 10% heat-inactivated fetal bovine reported with slight modifications [23] . The cells were serum, penicillin (100 units / ml), and streptomycin (100 incubated at 1108C for 24 h in a vessel containing 6 M 2 mg / ml). The cells were finally seeded in 25 cm culture HCl and 0.1% phenol under vacuum and then centrifuged flasks and incubated at 378C in a humidified atmosphere at 7000 g for 30 min. The supernatants were analyzed by containing 5% CO . The culture medium was renewed the 2 HPLC with a C18 Nucleosil column (Jasco, Tokyo, Japan) day after isolation and every 3 days thereafter. For cell which was eluted with 50 mM KH PO -H PO (pH 3.0) Nitrite (NO ) and nitrate (NO ) in the supernatant 2 3
30 min) using Mono-Poly resolving medium [19] . The from activated PMN or BAEC were measured using the final cell suspension contained more than 95% PMN and Griess reagent. Briefly, the supernatant was deproteinized cell viability was more than 98% as determined by trypan by heating at 1008C for 5 min, centrifuged at 3000 g for 10 blue exclusion assay. min and injected into an automated flow-through spectrophotometric system as described by Green et al. [24] after 2.3. Experimental protocol and evaluation of BAEC were from Wako (Osaka, Japan). Anti-CD18 monoclonal antibody (anti-CD18 mAb) was obtained from Nichirei (Tokyo, Japan). Mono-Poly resolving medium was purchased from Dainippon (Osaka, Japan). SOD was purchased from Nippon Kayaku (Tokyo, Japan). MCLA was purchased from Tokyo Kasei (Osaka, Japan). S-Nitroso-Lglutathione (GSNO) was purchased from Alexis (Laufelfi-51 ngen, Switzerland). S-Nitroso-N-acetyl-DL-penicillamine 
Effects of NO donors on Cr release
To clarify further the role of NO in PMN-mediated endothelial injury, the effect of substrates for NO generation (NO donors) was examined (Fig. 2) 51 Cr release Nitrotyrosine formation in BAEC was measured at the 2-h time point (Fig. 3) . Nitrotyrosine level remained very
Nitrotyrosine formation in BAEC with PMN
Effects of deferoxamine or DMSO or catalase on
We next examined the contribution of hydroxyl radicals low in the BAEC alone (28.0612. 3 mM, 0.1060.10% of to BAEC injury (Fig. 4) oxidase by NO in human neutrophils has been documented 6 ?2 81617 pmol / 10 cells / h (Fig. 5) . In the presence of [30] ). The direct quenching effect of NO on O is likely 2 6 L-NIO (0.1 mM), the rate decreased to 39619 pmol / 10 to be negligible, since the concentration of NO is far less The baseline generation of NO / NO from BAEC was 7), implying that the additional NO formed by BAEC did tyrosine residues and phospholipids [7] [8] [9] [10] . We have 2 shown that ONOO is involved in PMN-induced cardiac myocyte injury [33] , by measuring the formation of 2 nitrotyrosine as an indicator of ONOO attack on tyrosine residues of cellular constituents. We also showed that the cardiac myocyte injury is markedly attenuated by the NOS inhibitor, L-NMMA. Therefore, we initially hypothesized 2 that ONOO might be the major cytotoxic species in the present BAEC and PMN coculture system, since BAEC, themselves generate NO, which may result in greater 2 production of ONOO than in the myocytes and PMN coculture system. However, we found that an NOS inhib- tyrosine formation was not observed (Fig. 4) attenuated the injury (Fig. 3) . As mentioned above, coculture of cardiac myocytes with and HOCl cytotoxic mediators in O [20, 35, 41] . Thus, the 2 PMA-activated PMN resulted in significant nitrotyrosine inhibition of NOS may have increased the formation of formation [33] . To explain the lack of nitrotyrosine hydroxyl radical and HOCl. This idea is supported by the formation (Fig. 4) in BAEC, despite the fact that PMN observation that DMSO, a scavenger of both oxidants, 2 produce ONOO (Fig. 7) , two mechanisms can be considafforded almost complete protection against endothelial ered. First, the intracellular concentration of tyrosine cell injury by PMN (Fig. 3) . residues may be lower in BAEC than in cardiac myocytes.
Overall, the data presented herein suggest that, although
Secondly, ONOO may be scavenged more efficiently in ONOO is generated by activated neutrophils, it is not a BAEC than in cardiac myocytes. The first possibility may major mediator of cellular injury in this in vitro model.
2
be ruled out since the addition of synthesized ONOO to BAEC resulted in the formation of a significant amount of nitrotyrosine (Fig. 4) . The amount of nitrotyrosine in Acknowledgements BAEC was even higher than that of cardiac myocytes 1996. been shown that xanthine oxidase is activated when PMN adhere to endothelial cells [35, 36] . The elimination of 2 ONOO by NO generated by BAEC may be another 2 factor, since NO can react with ONOO [37, 38] . This References possibility is supported by the results in Fig. 7, which   2 show that the formation of ONOO from PMN was That is, the additional NO generated by BAEC did not This is also consistent with the finding that although during the respiratory burst of human neutrophils. FEBS Lett
